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ABSTRACT 



A connector providing an offset interconnect has a dielectric 
body with first and second longitudinally opposed and 
laterally offset portions and an internal cavity. An offset 
electrically conductive path is disposed within the internal 
cavity. The offset electrically conductive path extends from 
the first portion of the dielectric body to the second portion 
of the dielectric body. A compressible conductor is disposed 
within the internal cavity in the second portion of the 
dielectric body. 

36 Claims, 4 Drawing Sheets 
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OFFSET CONNECTOR WITH FIG. 5 is an exploded view of an assembly of connectors 

COMPRESSIBLE CONDUCTOR with connector housings and mating components. 



BACKGROUND OF THE DISCLOSURE 



DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 



, „ „ . . . , The connector of the disclosure may be used to connect a 

The continued reduction in size of RF and other electrical fifSt mati ioQ of a fifSt with a second 

components creates a need for compact RF connections that mating portion of a second componen t. The first mating 

meet both electrical and mechanical requirements. Some portion and the second mating portion may be offset or 

microwave applications require an RF interconnection off-grid from one another 

between adjacent components. The adjacent components 10 The COQnector ides a robust and simple electrical 

may be substrates or circuit boards comprising layers in a connection which may also be i mpedari ce controlled and 

stacked assembly Connectors suitable for RF connections could be used wherever RF or di ilal inter connects are used, 

may also be suitable for digital (DC) signals. The desired characteristic i mpe dance of the entire electrical 

RF interconnects may be used to connect a mating portion patn m a particular application may be chosen by appropri- 

of one component to a corresponding mating portion of 15 a te selection of factors which may include the diameters of 

another component. The corresponding mating portions may tne compressible conductor, the electrical conductive path, 

comprise elements of a grid pattern on one or both compo- me outside diameter of the dielectric body and the diameter 

nents. If the mating portions of the two components are 0 f the i nte rnal cavity within the dielectric body and the 

on-grid with one another when in the assembled condition, dielectric constant of the dielectric. For example, an exem- 

the mating portions can be connected by a straight connec- 20 plary characteristic impedance could be 50 ohms. In an 

tor - exemplary embodiment, the connectors are suitable for use 

RF interconnects used to provide straight connections in RF connections with frequencies in a range from 0 to at 

between layers in a stacked assembly include various types least 18 GHz and may also be used for digital connections, 

of connectors with compressible conductors. The compress- Integrating compressible conductors into a molded dielec- 

ible conductors include spring probes and compressible wire tr i c w i tn a "bent" outside configuration allows for fanning, 

bundles. A compressible bundle may be wire mesh. Q r spreading out, of interconnects. The bend or offset pro- 

If the mating portions of adjacent components are off- vides a method of connecting components which are not "on 

grid, or laterally offset, from one another in the assembled grid" with each other. 

condition, an offset RF interconnect is needed. RF intercon- 3Q Compressible conductors suited for this purpose include 
nects used to provide offset connections between adjacent compressible wire bundles and spring probes. The corn- 
components, substrates or circuit boards include bent pins pressible wire bundle may be compressible wire mesh, 
molded into offset dielectric molds. Bent pins, by Persons of skill in the art will appreciate that other types of 
themselves, do not provide the z-axis float needed to accom- compressible conductors may also be used with the connec- 
modate tolerance build up. Using a socket can require pins 35 tor of this disclosure. The use of compressible conductors 
on the mating component, which could create yield prob- accommodates z-axis tolerances and allows for densely 
lems due, at least in part, to pin misalignment and irregu- populated packaging technology. 

larities. ^he electrical connection with a mating component may 

SUMMARY OF THE DISCLOSURE ^ e mac * e by a spring probe, plunger or wire mesh contacting 

4 0 an electrical contact pad of the mating component. The 

A connector providing an offset interconnect has a dielec- electrical connection can also be made by having a fixed pin 

trie body with first and second longitudinally opposed and inserted into wire mesh. Pins on the mating component can 

laterally offset portions and an internal cavity. An offset be a ^ mcQ of high failure rates due? m part> t0 pin 

electrically conductive path is disposed within the internal misalignment and irregularities. Using a spring probe per- 

cavity. The offset electrically conductive path extends from 45 mits the elimination of pins on the mating component, 

the first portion of the dielectric body to the second portion thereby eliminating one source of failure in some applica- 

of the dielectric body. A compressible conductor is disposed t j ons where a compressible wire bundle connector is used, 

within the internal cavity in the second portion of the the electrical connection with a mating component can be 

dielectric body. made either with a contact pad or a pin, adding to packaging 

BRIEF DESCRIPTION OF THE DRAWINGS 50 flexibility and reliability. For any given application, the 

particular connector to be used may be determined in view 

These and other features and advantages of the present of manufacturing, assembly, impedance or other consider- 

invention will become more apparent from the following ations. 

detailed description of an exemplary embodiment thereof, as M exemplary embodiment of a connector apparatus for 

illustrated in the accompanying drawings, in which: 55 providing an offset interconnect is illustrated in FIG. 1. 

FIG. 1 is a cross-sectional view of an embodiment of a ^ apparalus 50 is provided to make an RF connection 

connector assembly and first and second mating components between a first mating portion 101 of a first component 100 

with mating portions to which electrical contact is to be t0 a corresponding second mating portion 111 of a second 

ma de. component 110. The apparatus 50 includes a dielectric body 

FIG. 2 is a cross-sectional view of another embodiment of 60 60 with a first portion 62 and a second portion 64. The 

a connector assembly. dielectric body 60 has an internal cavity 70. The internal 

FIG. 3 is a cross-sectional view of the embodiment of cavity 70 extends from a first opening 61 in the first portion 

FIG. 1 in a connector assembly in the assembled condition 62 of the body 60 to a second opening 63 in the second 

with connector housings in electrical contact with mating portion 64 of the body 60. The first and second portions 62, 

portions of first and second mating components. 65 64 are longitudinally opposed and laterally offset. The first 

FIG. 4 is an exploded, cross-sectional view of an instal- and second openings 61, 63 are longitudinally opposed and 

lation including a plurality of connectors. laterally offset. 
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The body 60 can be a two piece structure including a first The diameter of the plunger, wire bundle and the outside 

body member 65 and a second body member 66. The body diameter and dielectric constant of the dielectric may be 

members 65 and 66 are each fabricated of a dielectric selected to ensure that the entire electrical path is of the 

material with a dielectric constant. The dielectric material characteristic impedance required in the application. This 

may be molded and can be Teflon-based. The dielectric 5 characteristic impedance may be, for instance, 50 ohms, 

material of the body 60 can be, for instance, Teflon or TAX In another embodiment, the compressible conductor could 

(TM_ available from Mitzi pasties). In the alternative, the include a wire bundle 91 without a plunger 92. In such an 

body may be formed or molded as a single piece. Persons embodiment, the compressible wire bundle may be electri- 

skiiled in the art will appreciate that other arrangements of call y connected to the first conductor at the first end of the 

the body may also be used in various embodiments of the 10 compressible conductor 90 and extend to and may protrude 

connector of the disclosure. * h n e T secon ? opening 63 in the second portion of the 

_ . , , body 60. In such an embodiment, the end of the wire bundle 

The internal cavity 70 is shaped to accommodate conduc- Qriented towafd tfae second porlion of the ^ 60 may make 

tors forming a laterally offset electrically conductive path an electrical connection directly to the second mating por- 
81. The offset electrically conductive path may include at t ; on W here the compressible conductor includes a wire 
least a first conductor 80 disposed within the dielectric body 35 bund j e without a plunger, the mating portion of the second 
60. The first conductor may be molded, placed into or component can be a pin or a flat conductor, thereby increas- 
assembled directly into the dielectric body 60. The first ing the flexibility and reliability of the connector, 
conductor may be, for example, a conductive pin that is bent, i n a further embodiment of the invention illustrated in 
which for example may be a metal pin. FIG. 2, the compressible conductor is a spring probe 93. A 
The shape of the internal cavity 70 is designed to accom- 20 spring probe may include a plunger 92 enclosed within a 
modate the laterally offset electrically conductive path 81 to metal tube 97. The plunger may be oriented towards the 
meet the offset requirements of a particular application. The second end of the spring 96 with the metal tube 97 oriented 
offset requirements of a particular application may take into toward the first end of the compressible conductor 95. The 
account, for example, the lateral offset of the first and second s P nn S P robe ma y form P art of the offset electrically con- 
mating portions 101, 111. 25 ductive path 81. The spring probe may be electrically 
_ " , , , , connected to a first conductor 80. The connection may be 
llie first conductor extends toward and may extend to or mad for ^ b cfi m or { 0f b bei 

protrude out from the first opening 61 in the first portion 62 butted against one anothef> lhat is> adjacently capt i vated 

of the body 60. Although the first conductor 80 shown in wilhin the dielectric . Th e diameter of the offset electrically 

FIG. 1 is a single bent metal pin protruding out from the first ^ q conductive path or the first conductor and of the outside 

opening 61, it is understood that an offset electrical path may diameter of the body along with the dielectric constant of the 

be provided by any number of electrically connected con- dielectric can be chosen to ensure the entire electrical path 

ductors providing a single electrically conductive path with ^ of the characteristic impedance desired in a particular 

an appropriately offset path. application. The desired impedance may be, for example, 50 

The first conductor 80 has a first end 82 in the first portion 35 ohms, 

of the body 60. The first end 82 of the first conductor 80 The plunger 92 may have a spring behind its base. The 

provides the electrical connection to the first mating portion plunger can therefore move into the metal tube 97 freely 

101 and may be in direct contact with the first mating portion against the force of the spring 94. The spring helps ensure 

101 of the first component 100. A second end of the first that the plunger maintains contact and pressure on a mating 

conductor 83 is disposed within the internal cavity and 4Q component. 

oriented toward the second mating component 110. FIG. 3 shows an apparatus in an assembled condition with 

A compressible conductor 90 is also disposed in the a plunger 92 in contact with a mating portion 111 of a second 

internal cavity 70. The compressible conductor 90 may be component 110. An apparatus is provided to make an RF 

disposed in the second portion 64 of the body 60. The connection between a first mating portion 101 of a first 

compressible conductor 90 may form part of the offset 45 component 100 to a corresponding second mating portion 

electrically conductive path 81. The compressible conductor m of a second component 110. The first and second 

may be electrically connected to the first conductor 80 at a components 100, 110 may be adjacent substrates or circuit 

first end 95 of the compressible conductor. The first end 95 boards included as first and second layers in a stacked 

of the compressible conductor 90 is oriented in the direction assembly 120. The stacked assembly may also include at 

toward the first portion of the body 60. A second end of the 50 i east a first connector housing 121 and may include a second 

compressible conductor may extend toward or protrude out connector housing 122. The first and second mating portions 

from the second opening 63 of the body 60. ioi, m may be pins, sockets or flat conductors. In the 

The compressible conductor may provide an electrical assembled condition, the first and second mating portions 

connection to the second mating portion of the second 101 and 111 may be laterally offset from one another. The 

component and may be in direct contact with the second 55 first and second connector housings may be metal. The 

mating portion of the second component. mating portions 101 and 111 may be sized so that they do not 

In FIG. 1, the compressible conductor includes a wire make contact with the first or second connector housing 

bundle 91 and a plunger 92. The wire bundle 91 is positioned when in the assembled condition. An insulating layer, which 

at a second end of the first conductor and the plunger 92 is may be a thin polymer layer, may be placed between the 

positioned at the second end of the wire bundle 96. The 60 connector housings and the first and/or second components 

compressible wire bundle may be a gold plated wire bundle. to prevent direct contact between the mating portions and 

The plunger 92 is a conductor which is electrically the connector housings. The insulating layer or layers may 

connected to the compressible wire bundle at one end and have holes through which an electrically conductive path 

extends toward and may protrude from the second opening may extend to contact the first and/or second mating por- 

63 at its other end. The plunger 92 may be, for example, an 65 lions. 

electrical connection pin. The electrical connection pin, by The embodiment illustrated in FIG. 3 has a compressible 

way of example, may be metal. conductor with a plunger 92 and a compressible wire bundle 



US 6,9'. 

5 

91. It is understood that the apparatus could be any other 
arrangement with a compressible conductor in accordance 
with the invention. 

FIG. 4 is an exploded, cross-sectional view of an instal- 
lation including a plurality of connectors in accordance with 
the invention. Two connectors 50a, 50ft make connections 
between closely grouped mating portions 101a, 101ft on a 
first component 100 and less closely grouped mating por- 
tions lllfl, 111ft on a second component 110. The offset 
electrically conductive paths 81a, 81ft fan away from or 
spread out from the mating portions on the first components. 
The offset electrically conductive paths may provide con- 
nections for components which are not on-grid with another 
component. The connectors 50a and 50ft each have first and 
second compressible conductors 90 providing the electrical 
connections to the first and second mating components at 
each end of the connectors. 

FIG. 5 is an exploded view of an installation including a 
plurality of connectors 50, first and second connector hous- 
ings 121, 122 and first and second mating components 100, 
110. The connectors provide connections between mating 
portions of the first mating component 100 and 
corresponding, off-grid mating portions of the second mat- 
ing component 110. 

It is understood that the above-described embodiments are 
merely illustrative of the possible specific embodiments 
which may represent principles of the present invention. 
Other arrangements may readily be devised in accordance 
with these principles by those skilled in the art without 
departing from the scope and spirit of the invention. 

What is claimed is: 

1. A connector providing an offset interconnect, compris- 
ing: 

a dielectric body with first and second longitudinally 
opposed and laterally offset portions and an internal 
cavity, said dielectric body including a plurality of 
projections extending laterally outward from external 
surfaces of each of said first and second portions, 
wherein the plurality of projections are arranged to 
engage an internal surface of a connector housing; and 

an offset electrically conductive path disposed within the 
internal cavity, the offset electrically conductive path 
extending from the first portion of the dielectric body to 
the second portion of the dielectric body and including 
a compressible conductor disposed within the internal 
cavity in the second portion of the dielectric body. 

2. The connector of claim 1, wherein: 

the compressible conductor comprises a spring probe. 

3. The connector of claim 1, wherein the connector has a 
tuned characteristic impedance. 

4. The connector of claim 1, wherein: 

the compressible conductor comprises a compressible 
wire bundle. 

5. The connector of claim 4, wherein: 

the compressible conductor further comprises an electri- 
cally conductive plunger in electrical connection with 
the wire bundle. 

6. The connector of claim 1, wherein: 

the electrically conductive path includes a first conductor 
with a first end disposed in the internal cavity in the first 
portion of the body and a second end disposed in the 
internal cavity in the second portion of the body, the 
second end of the first conductor being in electrical 
contact with the compressible conductor. 

7. The connector of claim 6, wherein the connector has a 
tuned characteristic impedance. 
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8. The connector of claim 6, wherein the first conductor 
is a bent conductive pin. 

9. The connector of claim 6, wherein: 

the compressible conductor comprises a spring probe. 

10. The connector of claim 6, wherein: 

the compressible conductor comprises a compressible 
wire bundle. 

11. The connector of claim 10, wherein: 

the compressible conductor further comprises an electri- 
cally conductive plunger in electrical connection with 
the wire bundle. 

12. An assembly comprising: 

a connector with a dielectric body with first and second 
longitudinally opposed and laterally offset portions and 
an internal cavity, an offset electrically conductive path 
being disposed within the internal cavity and extending 
from the first portion of the dielectric body to the 
second portion of the dielectric body and including a 

! compressible conductor disposed within the internal 
cavity in the second portion of the dielectric body, said 
dielectric body including a plurality of projections 
extending laterally outward from external surfaces of 
each of said first and second longitudinally opposed 

. and laterally offset portions; 

a component adjacent the second portion of the body 
having a substantially flat mating portion in contact 
with and arranged substantially perpendicular to an end 
of the compressible conductor; and 
30 a connector housing having an internal surface, wherein 
the plurality of of projections engage the internal 
surface of the connector housing. 

13. The assembly of claim 12, wherein: 

the compressible conductor comprises a spring probe. 
35 14. The assembly of claim 12, wherein the connector has 
a tuned characteristic impedance. 

15. The assembly of claim 12, wherein the connector 
housing includes a first connector housing portion and a 
second connector housing portion. 
40 16. The assembly of claim 12, wherein the connector 
housing comprises metal. 

17. The assembly of claim 12, wherein: 
the compressible conductor comprises a compressible 
wire bundle. 
45 18. The assembly of claim 17, wherein: 

the compressible conductor further comprises an electri- 
cally conductive plunger in electrical connection with 
the wire bundle. 

19. The assembly of claim 12, wherein: 

50 the electrically conductive path includes a first conductor 
with a first end disposed in the internal cavity in the first 
portion of the body and a second end disposed in the 
internal cavity in the second portion of the body, the 

55 second end of the first conductor being in electrical 
contact with the compressible conductor. 

20. The assembly of claim 19, wherein the first conductor 
is a bent conductive pin. 

21. The assembly of claim 19, wherein: 

60 the compressible conductor comprises a spring probe. 

22. The assembly of claim 19, wherein: 

the compressible conductor comprises a compressible 
wire bundle. 

23. The assembly of claim 22, wherein: 

65 the compressible conductor further comprises an electri- 
cally conductive plunger in electrical connection with 
the wire bundle. 
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24. A method for connecting a mating portion of a first 
component with a mating portion of a second component, 
comprising: 

providing a connector with a dielectric body with first and 
second longitudinally opposed and laterally ofiket por- 5 
tions and an internal cavity, an offset electrically con- 
ductive path being disposed within the internal cavity 
and extending from the first portion of the dielectric 
body to the second portion of the dielectric body and 
including a compressible conductor disposed within the 10 
internal cavity in the second portion of the dielectric 
body, wherein a plurality of projections extend laterally 
from an external surface of the dielectric body; 

disposing the connector within a connector housing, the 
connector housing comprising an internal surface; 

engaging the plurality of projections with the internal 
surface of the connector housing; 

positioning a first component with a first mating portion 
adjacent the first portion of the dielectric body such that 2 o 
a first end of the electrically conductive path is in 
electrical contact with the first mating portion; and 

positioning a second component with a second mating 
portion adjacent the second portion of the body such 
that an end of the compressible conductor is in elec- 25 
trical contact with the second mating portion, wherein 
the second mating portion is substantially flat and 
arranged substantially perpendicular with the com- 
pressible conductor. 

25. The method of claim 24, wherein: 30 
the compressible conductor comprises a spring probe. 

26. The method of claim 24, wherein the connector has a 
tuned characteristic impedance. 



27. The method of claim 24, wherein the connector 
housing includes a first connector housing portion and a 
second connector housing portion. 

28. The method of claim 24, wherein the connector 
housing comprises metal. 

29. The method of claim 24, wherein: 

the compressible conductor comprises a compressible 
wire bundle. 

30. The method of claim 29, wherein: 

the compressible conductor further comprises an electri- 
cally conductive plunger in electrical connection with 
the wire bundle. 

31. The method of claim 24, wherein: 

the electrically conductive path includes a first conductor 
with a first end disposed in the internal cavity in the first 
portion of the body and a second end disposed in the 
internal cavity in the second portion of the body, the 
second end of the first conductor being in electrical 
contact with the compressible conductor. 

32. The method of claim 31, wherein the conductor has a 
tuned characteristic impedance. 

33. The method of claim 31, wherein the first conductor 
is a bent conductive pin. 

34. The method of claim 31, wherein: 

the compressible conductor comprises a spring probe. 

35. The method of claim 31, wherein: 

the compressible conductor comprises a compressible 
wire bundle. 

36. The method of claim 35, wherein: 

the compressible conductor further comprises an electri- 
cally conductive plunger in electrical connection with 
the wire bundle. 



